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TITLE 

METHOD FOR DEPOSITING TIN OXIDE AND TITANIUM OXIDE COATINGS 
^^^ TH , f^J r.T ASS ANP THR RFSTILTINO COATED GI.ASS 



B ArKGRQUN P OF ™ INVENTION 



1. Fift^Hnf the Invention 

This invention relates to a process for depositing titanium oxide and tin oxide coatings 
on a flat glass substrate, and the resulting coated glass. More particularly, this invention 
relates to a chemical vapour deposition process for producing titanium oxide and tin oxide 
coatings on flat glass using a coating precursor gas mixture comprising the corresponding 
metal tetrachloride and an organic oxidant 

2. Summary of Related Art 

Titanium oxide and tin oxide coatings have been proposed for use on glass containers, 
for example botdes. to improve the mechanical strength of the containers. It has also been 
proposed to use both titanium oxide and tin oxide coatings on flat glass to modify the 
characteristics of die glass for architectural use; titanium oxide coatings deposited under 
vacuum (by reactive sputtering) are used as components of sputtered multi-layer infra red 
reflecting coatings, while tin oxide coatings are used, not only as layers of multi-layer 
sputtered coatings, but also depoated pyrolyticaUy wiUi a dopant as infra red reflecting 
and/or etectrocooducting coatings. 

GB patent spedfication 1 115 342 describes a process for producing glass containers 
with good inherent strength and good abrasion resistance by spraying tiw containers, white 
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«m hot ftom the manofecturing process, with a solution or dispersion of stannic chloride 
(that is, tin tetrachloride) in an organic Uquid,isopropylalcohd Asmall 
a„«um of titanium chloride may be incorporated as a modifier. The liquid solution is fed 
,0 atomisers, which may be of the pressure jet variety, located on either side of a tumiel 
over a conveyor for hot glass botUes to produce a 'mist of liquid reagent' so that a hiyer of 
Uquid IS fomied on aU the external surfaces of the botUes where it reacts to form a layer of 
tin oxide. 

GB patent specification 1 187 784 describes an improvement of the process described 
in GB patent specification 1 1 15 342 and apparently more suitable for incorporation into a 
process for the automatic manufacture of glasswaie without interfering with the nom«al 
tunning of such process and without requiring additional supervision. The specification 
pmposes to treat glass containers, at high temperature, with a Uquid solution of an organic 
compound of tin "which compound has properties such that upon application of heat it 
decomposes into two materials, one of which is an organic compound of tin of high 
decomposition temperature which reacts with the glass surface to pmducc a diffusion layer 
of tin oxide within the glass surface, whUe the other is a volatile compound of tin ^ 

substantial proportion of vapour of said compound is produced, and subjecting the 
containers to a heat treamient such that a reaction is caused to occur between the glass at at 
least the surfaces of the containers and the tin compounds" . The material used for treating 
the ghiss conuuners may be provided by reacting tin tetrachloride with orgamc substances 
containing carbonyl groups of moderate activity e.g. organic esters of etiiyl, n-propyl, 
isopropyl, n-butyl and isobutyl alcohols with acetic, propionic and butyric acids. Tbc 
resulting sototion may be sprayed, in the presence of ambient amiosphere. on to the hot 
containers e.g. in the fomi of a fine mist after they leave the forming machine and before 
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*ey„„*.™n»U,,gIebr. GBp«»tsp»iic«io« U87 783 describe »anaU>go« 
„„teho.gt«sconBi«»tapla««ffeorg»dccompo««dof4. Ttecj-dcfiB.dum 

production line. 

B to also been p«wosed to »« tin t«»=lU0ridc. dther » . 
«„«e«ly.in gaseous 1-n^.o.pp.y.tin oxide oo«ing to ho, n..gte«,fonn 

etec.™»oducti«.inta-ml«fl«ctogc.a.tago.theb« w««is.«edto 
hjAolirse .!« tm «tx«*loride and as a so»«» of oxygen for fonnatio. ^ 

P^in«^™g.seoftf»«amn.singaseo«sfbm.(.lsocan«.<M>orcbe™^ 

^*posi,ionptoc.sses)havecemin«.»»...ge.ov.rspr.ypn«^ 

gl.ss,especianyvrt«i.the««a»«scaibep™nixedl^^ 
Uofbr«n»«ely. .in .etr«Moridc «ac.s re^iUy with waw so to 

to tea«aioride «Kl w«er vapour in gaseons form have usoally i^^ 

separaely to tl- glass sn*« »ri mbdng them while in eont«« wiU. the glass. 

OB pal=M speciS««ion 2 044 137A lelae. to »«4 a p«x«» in t*i* <B^ 
streanis of e«* «e f<»n,ed «Ki projected on to a ho. glass sn^^ 

,hes.«a,nsu>getherin.«ip«»il«"g»«>'co«.>«''™'*'8la«- Tttanitun tet««hl»ide 
™y be nsed as one of the gaseo.^ reactants. in Itee of the tin te.r«Moride, in ^ 

form.tiumiumoxidecoattag. Tte paent also snggests supplying hydK>gen,o one of the 
gas st«»n» u. attennae the violem taction be.we» the tin tetm^ 
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vapour. TTiis may be done cither by direct addition of gaseous hydrogen, or by the addition 
of methanol, which is said to icact in situ to pioduce the desired gaseous hydrogen. 

GB patentspedfication 2 026454B describes a process in which acoating chamber is 
positioned over a hot float glass ribbon as it advances from the float bath and succesave 
gaseous streams of (1) preheated nitrogen carrier gas, (2) tin tetrachloride entrained in 
preheated nitrogen and (3) air. water vapour and hydrofluoric acid are introduced into the 
coating chamber so they flow along the glass substrate surface bdng coated as a 
substantiaUy turbulence free layer. The patent specifies the concentration of water vapour 
and tin tetrachloride in the gaseous medium over the glass. 

European patent specifications 0 365 239B1 and 0 376 240B1 describe a method and 
apparatus for depositing a tin oxide coating on a hot glass ribbon. A fust gaseous stream of 
tin tetrachloride in preheated dry air is caused to flow along the surface of the hot ribbon of 
glass advancing beneath a coating chamber, a second turt>ulent stieam of hydrofluoric add 
and steam introduced into the coating chambers at right angles to the plane of the glass and 
direction of flow of the first gaseous stream, and the combined first and second gas streams 
drawn through the coating chamber over the glass under turbulent flow conditions. THe 
method and apparatus may also be used to apply a coating of titanium oxide using titanium 
tetrachloride in place of the tin tetrachloride. 

US patent 4 590 096 describes a process in whidi a coating solution comprising a 
substantially solvent free mixture of an organotin diloride and a reactive organic fluorine 
confound soluble in or miscible with die organotin diloride is introduced to a preheated 
earner gas stream which contams suffident water vapour that die relative humidity of ti« 
gas stream at 18»C is about 6% to about 100%. m resulting gas stream is passed over a 
hot glass surface to deposit a fluorine doped tin oxide coating on die hot glass. A wide 
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range of organotin compounds may be used, and the possibUity of using tin tetrachloride is 
mentioned. Similarly, a wide range of organic fluorine compounds, including oxygen 
containing compounds, for example trifluoroacetic acid and ethyltrifluoroacetate. may be 
used. Some of the fluorine-containing dopants have limited solubilities in the organotin 
compounds used, and an optional solubiliser may be used to increase tiie solubility of die 
fluorine dopant on the organotin compound; acetic anhydride, ethyl acetate, hexane, methyl 
isobutyl ketone and butyraldehyde are listed as non-limiting examples of the sdubilisas that 
may be used. However, the US patent, in common with the other patents utilising chemical 
vapour deposition metiiods to deposit a metal oxide from a gaseous metal tetrachloride, 
utilises water vapour as the source of oxygen. 

US patent 4 751 149 Vijaykumar et al is concerned wifli deposition of zinc oxide 
coatings by chemical vapour deposition at low temperature (60» to 350»C preferably 100» 
to 200"C) on heat sensitive photoconductor substrates, and proposes to deposit tiie zinc 
oxide coatings fitom an organozinc compound and an oxidant, wHhich may be an oxygen 
containing orgaiuc compound c.g. an ester, and an inert cairier gas. Altiiough the patent is 
not entirely clear, it apparendy proposes to introduce separate streams of the organozinc 
compound and oxidant into tfie deposition chamber, and certainly there is no proposal to 
pie-nux diese components together before deliv«y to the coating chamber. 

It would be advantageous to provide a metiiod for depositing tin or titanium oxide 
coatings by a CVD process applied to hot flat glass using a ptemixture of the corresponding 
metal tetrachloride as a low cost reactant and a source of oxygen without premature 
reaction between die metal tetrachlcnide and oxygen source (previously water) resulting in 
formation of metal oxide in die coating equqiment widi consequent problems and 
inefGciency. It would be particularly advantageous if the inediod allowed for deposition of 
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the coating at high rates, enabling a required coating thickness to be deposited on a moving 
glass ribbon during the glass production process. 

^ ? V T^p mvKNTION 
In accordance with the present invention, there is provided a chemical vapour 
deposition process for laying down a tin oxide or titanium oxide coating on a hot glass 
substrate using a precursor gas mixture containing the coiresponding metal tetrachloride 
and an organic source of oxygen, without the requirement for inclusion of water vapour and 
the consequent risk of premature reaction. 

n,e present invention provides a process for depositing a tin oxide or titanium oxide 
coating on hot flat glass comprising the steps of 

(a) preparing a precursor gas mixture containing the corresponding metal tetrachloride 
an organic oxygen containing compound as a somce of oxygen for formation of the 
metal oxide, 

(b) maintaining said precursor gas mixuirc at a temperature below the temperas 
which the metal tetrachloride reacts to form the metal oxide while delivering flic 
mixture to a coating chamber opening on to the hot glass. 

(c) introducingtheprecursorgasmixtureintothecoatingchambcrwh«^ythemi^ 

heated to cause deposition of the corresponding metal o»de incorporating oxygen fironi 
flie organic compound on to the hot glass surface. 

Surprisingly, a wide range of oxygen-containing organic compounds may be used as the 
source of oxygen, without requiring the presence of water vapour or gaseous oxygen, 
including compounds nomudly considered reducing agents rather than oxidising agents, for 
example, alcohols. However, the preferred organic compounds are carbonyl compounds, 
cspeciaUyesters; and particulariy good results have been obtained using esters having an 
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alkyl group with a P hydrogen. The alkyl group with a p hydrogen wiU normally contain 

two to ten carbon atoms. 

It is preferred to use organic compounds. especiaUy esters, containing from two to ten 
carbon atoms, rioce larger molecules tend lo be less volatile and hence less comrenient for 
use in the CVD process of the present invention. 

Particuhirly preferred esters for use in the practice of the present invention include ethyl 
formate, ethyl acetate, ethyl propionate, isopropyl f oimaiB, isopropyl acetate, n-butyl 

acetate and t-butyl acetate. 

Tbc method of the present invention is generally practised in connection with the 
formation ofacontinuous glass ribbon substrate, for exarnpleduringafloa^^ 

production process. However, the method of the present invention may be employed in 
coating other fhit glass substrates either on-line or off-line. 

Represent invention involves the preparation of a precursor gas mature which 
includes tin or titanium tetrachloride and an organic oxygen containing compound; a carrier 
gas or dUuent. for example, mttogen. air or helium. wiU normally also be inctoded in the gas 
mixture. Since thermal decomposition of the organic oxygen containing compound may 
initiate the metal oxide deposition reaction at a high rate, it is desdrable to^ 
mixture be kept at a temperature below the Aermal decompoation temperature of the 
organic oxygen compound to prevent prereacdon of the gaseous mature with formation of 
die metal oxide. 

-nie gaseous mixture is maintained at a temperature below that at which it reacts to 
form the metal oxide, and deUvered to a location near a flat glass substrate to be coated, the 
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substrate being at a temperature above said reaction tempCTature (and above tiie_ 
decomposition temperature of the organic oxygen compound in the piccursor gas mixture). 

The precursor gas mixture is thereafter introduced into the vapour space directly over 
the substrate. TlMi heat ftom the substrate raises the temperature of the precursor gas above 
the thermal decomposition temperature of the organic oxygen compound. TTie organic 
oxygen compound then decomposes with reaction with the metal tetrachloride producing a_ 

metal dioxide coating on the substrate. 

The present invention permits die production of tin and titanium oxide coatings 
deposited on the hot glass at a high deposition rate e.g. over 130A/second and. in preferred 
embodiments, over 250A per second. 

The deposition rate is dependent upon tiie particular organic oxygen containing 
compound used, and die concentrations of both die organic oxygen containing compound 
and tiie metal chloride, as well as the temperature of the glass. For any particular 
combination of compounds, the optimum concentrations (and in particular the optimum 
proportion of organic oxygen containing compound to metal tetrachloride) and flow rates 
for rapid coating deposition may be determined by simple trisd. However, it will be 
appreciated tiiat die use of higher concentrations of reactants and high gas flow rates is 
likely to result in a less efficient ovciaU conversion of die reactants into coating, so that tite 
optimum condition for commercial operation may differ from die conditions which provide 
the highest deporition rates. 

Preferably, die organic oxygen containing compound wiU be at a concentration by 
volume of about 0.5, especially 1, to 5 tin«s the concentration by volume of the metal 
chloride. It will commonly be used in an amount of at least 30% by weight of die weight of 
metal chloride. 
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The method of the invention permits the production, at high rates, of titanium oxide 
and tin oxide coatings on hot flat glass substrates on line during die glass production 
process. Tlw titanium oxide coatings may be produced with a high refractive index (at least 
2.4) peiraitting the achievement of desired optical effects, especially when used in 
combination with other coating layers. The tin oxide coatings may be doped, for example 
with fluorine, by incorporating an appropriate precursor for die dopant into tiie precursor 
gas mixture, increasing tfie electrical conductivity and infra red reflectivity of the coatings, 
and hence tiieir utiUty as electrical conducting coatings and/or low cmissivity coatings in 

architectural glazing and oAcr ai^lications. 

ppipp nFsrRTPnoN O F thk drawings 
•n»e above, as weU as otiier advantages of the present invention, wiU become icadily 
apparent to those skilled in the art from the following detaUed description of prefeired 
embodiments when considered in tiie Ught of die accompanying drawings in which: 

Rg 1 is a schematic view of a vertical section of an apparatus for practising a float glass 
process which includes gas distributors suitably positioned to enable the practising of die 
metiiod of die present invention. 

Rg 2 is broken sectional view of an article coated according to this invention; and 
Rg 3 is an enlarged schematic end view of a gas distributor beam suitable for use in 
practiising the present invention. 

Rg 4 is an enlarged schematic end view of an alternative gas distributor beam which 
nay be used in praoising the present invention. 

rtRSPRTPTION r>F THE PRE FfTRl?F.r) FMRQDTMENT 
Refciring now more particularly to die drawings, tiiere is iUustrated generally at 10 in 
Rg 1 a float glass installation utiUzed as a means for practising the mefliod of die present 
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invention. TTie float glass apparatus nwie particularly comprises a canal section 12 along 
which molten glass 14 is delivered ftom a melting furnace (not shown), to a float bath 
section 16 wheiein a continuous ghiss ribbon 18 is formed in accordance with the well 
gown float S^s. The glass ribbon 18 advances from the bath section 16 through an 
adjacent annealing lehr 20 and a cooling section 22. The continuous glass ribbon 18 serves 
as the substrate upon which the metal oxide coating is deposited in accordance with the 
present invention. 

The float section 16 includes a bottom section 24 within which a bath of molten tin 26 
iscontained.aroof28.oppositesidev«^30,andcndwalls32. Theioof 28, side walk 
30. and end walls 32 together define an enclosure 34 in which a non-oxidizing atmosphere is 
maintained to prevent oxidation of the molten tin. 

Additionally, gas distributor beams 64, 66 and 68 are located in the bath section 16. 
The gas distributor beams 64 and 66 in the bath section may be employed to apply 
additional coatings onto tiie substrate prior to applying the tin or titanium oxide coating by 
the metfiod of die present invention. The additional coatings may include silicon am^ sili<a.\ 

In operation, die molten glass 1 4 flows along die canal 36 beneatii a regulating twcd 
38anddownwardlyontothesurfaccofti»etinbath26incontrollcdamounts. Onthctin 

batii the molten glass spreads laterally under the influences of gravity and surface tension, as 
weU as certain mechanical influences, and it is advanced across die bath to form the ribb^^ 

18. Tlic ribbon is removed over Uft out rolls 40 and is tiiereafier conveyed through the 
annealing lehr 20 and the cooling section 22 on aUgned rolls 42. TTie application of the 
coating of the present invention nwy take place in the float batii section 16, or fimher along 
the production Une, for example in the gap between the float batii and the annealing lehr, or 
in die annealing lehr. 
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A suitable non-oxidizing attnosphete, generally nil^ogen or a nuxtuie of nitrogen and 
hydrogen in which nitrogen piedominates, is maintuned in the bath enclosure 34 to prevent 
oxidation of the tin bath. The atmosphere gas is admitted through conduits 44 operably 
coupled to a distribution manifold 46. The non-oxidizing gas is introduced at a rate 
sufficient to compensate for normal losses and maintain a slight positive pressure, on die 
Older of about 0.001 to about 0.01 atmosphere above ambient atmospheric pressure, so as 
to prevent infiltration of outside atmosphere. Heat for maintaining the desired temperature 
regime in the tin bath 26 and the enclosnre 34 is provided by radiant heaters 48 within the 
enclosure. The atnoosphere within the lehr 20 is typically atmospheric air, while the cooling 
section 22 is not enclosed and die glass ribbon is open to the ambient atmosphere. 
Ambient air may be directed against die glass ribbon as by fans 50 in the cooling section. 
Heaters (not shown) may also be provided within the annealing lehr for cauang the 
tenqierature of the glass ribbon to be gradually reduced in accordance widi a predetemuned 
regime as it is conveyed therethrough. 

Fig 1 illustrates die use of gas distributor beams 64, 66 and 68 positioned in the float 
bath 16 to deposit the various coatings on the glass ribbon substrate. The gas distributor 
beam is one form of reactor that can be employed in practismg the process of the present 
invention. 

A convenient configuration for the distributor beams suitable for supplying the 
precursor materials in accordance with die invention is shown generally sdiematically at Hg 
3. An inverted generally diannel-shaped framework 70 formed by spifxd inner and outer 
walls 72 and 74 defines enclosed cavities 76 and 78. A suitable heat exchange medium is 
dtculated through the enclosed cavities 76, 78 in order to nnaintain the distribute beams at 
a desired temperature. 
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m precursor gas mixture is supplied through a fluid cooled supply conduit 80. The 
supply conduit 80 extends along the distributor beam and admits the gas through drop lines 
82 spaced along the supply conduit TTie supply conduit 80 leads to a delivery chamber 84 
withinaheadcr 86 carried by die framework. Precursor gases admitted through the drop 
Unes 82 are discharged from the delivery chamber 84 through a passageway 88 towaid a 
coating chamber defining a vapour space opening on to the glass where they flow along the 
surface of the glass 18 in the direction of the arrows in Fig 3. 

Baffle plates 90 may be provided within the delivery chamber 84 for equalizing the flow 
of precursor materials across the distributor beam to assure that the materials are discharged 
against the glass 18 in a smooth, laminar, unifomi flow entirely across the distributor beam. 
Spent precursor materials are collected and removed through exhaust chambers 92 along 

tiie ades of the distributor beam. 

Various forms of distributor beams used for chemical vapour deposition are suitable for 

the present method and are known in the prior art 

One such an alternative distributor beam configuration is iUustrated schcmaticaUy in 
Rgure4 of the drawings. Using this distributor, which is generaUy designated 100 (and 
morefully describcdinEaropeanpatentEP0305 102B). the precursor gas mixture is 
introduced through a gas supply duct 101 where it is cooled by cooling fluid circulated 
tfuough ducts 102 and 103. Gas supply duct 101 opens through an elongated aperture 104 
into a gas flow restrictor 105. 

Gas flow restrictor 105 is of the kind more fiilly described in UK patent specifications 
GB 1 507 996. and comprisesapluraUty of metal strips longitudinally crimped in the form 

of a sine wave and vertically mounted in abutting relationship with one another extending 
along the Icngtii of the distributor. Adjacent crimped metal strips are arranged "out of 
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phase" to (tefine a pluraUty of vertical channels between them^ These vertical channels are 
of small cross-sectional area relative to the cross-sectional area of gas supply duct 101. so 
that the gas is released from the gas flow restrictor 105 at substantially constant pressure 
along the length of the distributor. 

-nie coating gas is released from the gas flow restrictor into dte inlet side 107 of a 
substantially U-shaped guide channel generally designated 106 comprising inlet leg 107. 
coating chamber 108 which opens onto the hot glass substrate 110 to be coated, and 
exhaust kg 109. whereby used coating gas is withdrawn from the glass. The rounded 
comers of the blocks defining the coating channel promote a uniform laminar flow of 
coating parallel to the glass surface across the glass surface to be coated. 

•nie following examples (in which gas volumes are expressed under standard 
conditions. i.e. one atmosphere pressure and ambient temperature, unless other stated) are 
presented for the purpose of further illustrating and disclosing the present invention, and are 
not to be construed as a limitation on the invention: 

In this series of Examples, a bi-directional coating reactor of die type shown in Fig 3 
was employed in the laboratory to deposit a titanium oxide coating. 

In Examples 1. 2 and 3. the glass was heated on a conveyor furnace to sinmlaie tiie 
coating reaction conditions of a float glass process in order to test tiie meti»od of die present 
invention. The furnace utilized in-line rollers to convey a glass substrate tfirough a heating 
zonepriortopractisingtiiemethodof thepresentinvention. In Example 1. die glass 
substratewasfloat^whichhadb«ninitiaUyprovidedwitiiasilicac^^ Thesilica 
coating was deported on tiie float gl^s through a known chemical vapour deposition 
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process utilizing a precursor of monosilane in an oxygen enriched atmosphere. TTie silica 
deposition forms no part of the present invention. 

In accordance widi the present invention, atiumium oxide coating was depoatedonAe 
siUca coated substrate. The substrate was at a temperature of a ll70T/63(rcand the 
substrate Une speed was at 300 inchcs/8 metres per minute. 

To deposit the titanium oxide, a precursor gas mixture was developed comprising 
titanium tetrachloride, ethyl acetate, oxygen, and helium. HeBum was included in the 
precuisormixtureasacanierforthereactants. The precursor mixture was prepared by 
simultaneously introducing an four gas streams through a manifold system. An in line static 
mixer was used to ensure a homogeneous precursor mixture. TTie volume percent 
composition of the precursor mixture was 0.7% tiunium tetrachloride. 17.2% ethyl acetate. 
7.2% oxygen, and 74.9% heUum. with the flow rates for the components at the manifold 
bang as shown in the accompanying Table 1. 

m temperature of the precursor mixture was kept above 300»F/150«C in order to 
prevent the adduct reaction of titaiuum tetrachloride and ethyl acetate. The precursor 
temperature was also kept below the 950«F - 1130«F (510^ - 610«C) thermal 
decomposition temperature range of ethyl acetate in order to prevent the mixture from 
prereacting. 

The precursor mixture was introduced into the reactor just above the moving substrate. 
•n.etemperatureattheprecursortowerwas250^/120»C. The temperature at the reactor 
face was 350«F/175»C. The higher substrate temperature initiated the thermal 
decomposition of the ethyl acetate which then resulted in the deposition of the titanium 
oxide. 
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•Die resulting coated glass was allowed to cool in air and the coating analysed. It was 
found to be titanium oxide with a carbon content of 2 J-3.5 atomic percent. The thickness 
of the titanium oxide coating was measured 490A and the thickness and growth rate (150 A 
per second) are shown in Table 1. Hie optical properties of the resulting product included 
an observed Illuminant C transmittance (10» observer) of 62.3% and an observed ffiuminant 
C reflectivity of 35.6%. Hie extinction coeffident was 0.008 at 550 nm. and the refiractive 

index of the titanium oxide coating was 2.44. 

In Examples 2 and 3 the coating procedure set out in Example 1 was repeated, except 
that in Example 2 ethyl formate was used as the organic source of oxygen, and in Example 
3 isopropanol was used as the organic source of oxygen and uncoated glass (in place of the 
siliconoxidecoatedglassofExamples land2)wasusedasthesubstrate. Thegasflow 

rates used and. in the case of Example 2. the thickness and growth rate of the titanium oxide 
coating produced arc shown in Table 1. In Example 3, the isopropanol burned in the 

reactor leaving only particulate titanium oxide on the glass, the corresponding deposition 
rate therefore being quoted as oA/second. 

The procedure for Examples 4 and 5 was as used in the previous Examples (the reactor 
temperature and the substrate being identical to Example 1). except that the substrate was 
static and notdynamic Thestaticsampte was positioned under the reactor for 10 seconds. 
Under static conditions, the residence time of the substrate under the reactor is increased 
ftom the dynanuc coiditions by a factor of five. 

In Example 4, methyl acetate was used as the organic source of oxygen, and in 
Example 5 t-batyl acetate was used; in each case a titanium oxide coating was produced. 
TTic gas flow rales, resulting titanium oxide coating thickness and coating growth rates are 
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as shown in Table 1. The iclatively slow growth rate achieved using methyl acetate is 
discussed hereinafter. 

Pxarnp^e^ 

A float glass process was used in producing a continuous glass ribbon having a 
thickness ofO.125 inches/3 mmataiine speed of 434 inchcs/U metres per minute. The 
glass temperatuic was at 1 14(yF/615«C at the desired point of appUcation in the float bath 
section of a titanium oxide coating using a coating reactor sinular to that shown in Rgure 3. 
Tlie temperature at the precursor tower was 400»F/205«C and the temperature at the 
reactor face was 50W/26(ye Prior to practi«ng the method of the present invention, a 
silica coating was deposited on the glass substrate in the float batii section at a thickness of 
about 339 A. The same chemical vapour deposition process as described in Example 1 was 
usedtodepositthesilicacoating. The silica deposition forms no part of the present 

invoition. 

nw precursor gas mixtiire was developed comprising titanium tetrachloride and ethyl 
acetate in a helium carrier gas. Oxygen was not used in die precursor as result of earlier 
Examples indicated that the coating reaction was not sensitive to ti.e oxygen concentration. 
The precursor mixture was prepared by simultaneously introducing the three components 
through a manifold system. Tbc volume percent composition of the precursor mixtmc was 
0.6% titanium tetrachloride, 1.8% ethyl acetate, and 97.5% helium. Ihc flow rates for the 
components were 480.0 Vm of helium. 3.0 Vm of titanium tetrachloride. 9.2 Vm of eAyl 
acetate. The total flow rate for die precursor mixnirc was 492.2 Vm. 

11,eresultingtitaniumoxidecoatingwas684Athick. The carbon content of the 

coating was less than 2 atomic pereent The growth rate of die coating was 309 A per 
second. 
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Example 7 

•Die same procedure carried out Example 6 was utilized in this Example. The substrate 
comprised coatings of siUcon and then siUca over the glass substrate. The coatings were 
deposited by a known chemical vapour deposition process in the float bath section- The 
siUcon coating was deposited by CVD from monosUane with a non-oxidizing carrier gas. 
The silica coating was then deposited onto the siUcon coating fluough the use of the same 
procedure as described in Example 1. 

The precursor for the titanium oxide coating included titanium tetrachloride and ediyl 
acetate in a helium carrier gas. TTie volume percent composition of die precursor was 03% 
titanium tetrachloride, 1.9% efliyl acetate, and 97.6% heUum. The corresponding flow rates 
for the components were 480.0 Vm of heUum, 2.4 Vm of titanium tetrachloride. 9.2 lAn of 
ethyl acetate. The total flow rate for die precursor mixture was 491 .6 lAn. 

The resulting coated article 52 is illustrated in Rg 2. The glass substrate 54 is depicted 
with a stack of multiple coatings 56. TTie coatings comprise a layer of silicon 58. a layer of 
siUca 60, then a titanium oxide coating 62 on top of ti« article. The titanium oxide coating 
on Uie resulting article had a tiiickness of 836 A. The optical properties of the resulting 
coating stack included an observed Illuminant C transmittancc of 13.1% and an observed 
niuminant C reflectivity of 82.5%. The growth rate of the titanium oxide coating was 378 
A per second. 
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Pv^mplftS 8-13 

In this series of Examples, a static coater was used in the laboratory to apply a tin oxide 
coating on to a float glass substrate carrying a colour suppressing silicon oxide layer 
produced as described in European patent EP 0 275 662B. 

m float glass to be coated was supported on a nickel block in a reactor vessel and the 
block heated from below by electric heating elements to provide a glass temperature of 
1085*'F/585«C A flat graphite plate was mounted approximately 0.4 inches/10 nun above 
the glass and parallel thereto to provide a gas flow path 0.4 inches/10 mm deep between the 
glass surface bearing the silicon oxide layer and the plate. 

A piecursor gas mixture containing tin tetrachloride and an organic source of oxygen, 
in air and a small proportion of additional nitrogen as carrier gas. was deUveied through a 
gas line maintained at a temperaunc of 435-F±25»Fy225«C± i5«C and provided with a 
fish taU nozde opening on to the gas flow path over the hot glass in a general direction 
parallel to the glass surface. Hie total earner gas flow rate was 13 m'/hour. Hie flow rates 
of the tin tetrachloride, and the nature and flow rates of the organic compound used, were 
asshownintiieaccompanyingTable2. In Examples 9 and 11. smaU amounts of 40% 
hydrogen fluoride were incorpontted in the precuBor gas mixture to dope the resulting tin 

oxide coating with fluorine, as shown in the Table. 

n,e gas flow containing the reactant gases was applied for approximately 8 seconds, 
and the coating apparatus and coated glass tiien allowed to cool under a flow of air at 
345»F/225«C On dismantling the coating apparatus, the deUvery gas line, nozzle and plate 
defming the gas flow path over the gtass found to be free, in each case, from deposit, 
indicating an absence of undesirable prereaction. In each case, the glass had a tin oxide 
coating appUed over tiie siUcon oxide, the thickness of tiie coating varying with distance 
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from the fishtail norzk. The inaxiinum thiclaiess and C(«cspon(Ung 
precursor gas mixtuic used is shown in Table 2. m cmissivity. resistivity and haze of the 
samples producing using hydrogen fluoride to incorporate a fluorine dopant (Examples 9 
and 1 1) were measured and the results reported in Table 2. 

This series of Examples shows that an organic source of oxygen can be used as part of 
apremixed precursor gas mixture comprising tin tetrachlorides 
^ut significant undesirable prereaction detrimentally affecting the coating process eg. 
bydepositionof tin oxide in the gas supply ducts. Moreover, if desired, a source of dopant, 
such as hydrogen fluoride, may be incorporated in the gaseous premixture to reduce the 
emissivity and resistivity of the coating whUe continuing to avoid significant detrimental 
prereaction. 

Rxapiple 14 

to to Ex»apte. . coHting distribuu^ ^ mu»a«d scheo^ally in Fi6»r. 4 W.S 
ta.floa.b.*«..pfJy.co.fi«goftooxkfcby.n«U>od>n.coonia«.wi*fl«i.v««i«. 

Tte ribbon si««.w»» ,pp,»ima«l, 233 inch«> p« ntaWSSO ™„.u« p« boor »d U« 
gtelUctaea was 0.05 incheVlirnm. TTb glm tempcaBie was approxumtely 
U7(ff/630^ TbeKmp««»KrfteB«>OW«y*«»»0»'»hi*»^'«»^^ 
™xi„g chancer w«i ™atatain«l at SOO-F/ISOK; and Uk •«tic' waflfc gas distribator 105 
«,s.pp«»dm«dy645-F/340^ Tte tin toachlorideaKl butyl acaaic vapours w«e 
acUv««l by bubbUng niuogcn .taough the liquids n»in.ain«i a. 175'F/m: in bubbfcrs 

.nd.benoc.AKH.ghscp.n.^h^t^icondui.stogassupplyduo.101. m vapours ™i«d a. 

,beprin»ryd«»nt«.p.ssed.lm»gh.hew.fflep.*gasdis,ributcr.a«d.h»«nd^ 
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flow conditions through U-shaped guide channel 106 comprising coating chamber 108 
opening on to the hot glass ribbon. 

The flow rates used were sufficient to obtain tin tetrachloride : butyl acetate molar 
ratiosofbetweenl: land 1:5. The trial was carried out for 5 hours. On dismantling the 
coater it was discovered that the cooled surfaces and the associated conduits were over 
90% ftce of deposits, thus showing that tin tetrachloride and butyl acetate used for 
producing a tin dioxide coating on glass can be premixed witii one another without 
substantial prereaction. A thin fin oxide coating was obtained on ti« glass ribbon. 

It will be appreciated that various changes and modifications can be made from tiie 
specific details of the invention as incorporated in the foregoing Examples without 
departingfromtiiespiritandscopetiiereofasdefinedin the appended claims. In its 

essential details, ti.c invention is a continuous chemical vapor deposition process for laying 
down tin oxide and titanium oxide coatings onto a glass substrate at high deposition rates 
through tiie use of the corresponding metal tetrachloride and an organic compound used as 
a source of oxygen in a preformed precursor gas mixttiie. 

The metal tetrachlorides are preferred sources of U« respective metals because of die 
availabiUty and cost of the raw materiaL 

It has been found, especiaUy when depositing titanium oxide coatings from titanium 
tetrachloride, tiiat. in order to f omt die metal oxide at the optimum deposition rates, it is 
desirable to use an organic oxygen containing compound which is an ester, particularly an 
ester in which tiie group derived from die alcohol is an alkyl group with a P hydrogen. 
Additionally, die decomposition temperature of tiieester should not be greater tiian die 
reaction temperature of die coating precursor gas mixture at die desired point of 
application. Esters utilized in die precursor gas mixture diat have a P hydrogen and 
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appiopriate decomposiUon temperatures wUl deposit the coatings at high deposition rates, 
nie prcfcned group of esters used in practicing the present invention includes the group 
consistuig of ethyl f onnate. ethyl acetate, ethyl propionate, isopropyl formate, isopropyl 
acetate, n-butyl acetate, and t-butyl acetate. 

In general an ester decomposes in a continuous fashion over a given temperature range. 
In the present invention, the thermal decomposition temperature of the ester is defined as 
the temperature at which the unimolecular decomposition rate constant of the ester is 
0.01/sec. The unimolecular decomposition rate constants of common esters such as ethyl 
acetate and t-butyl acetate are well known and can be found in the chemical Uteiaturc. Fbr 
ethyl acetate and t-butyl acetate, the thermal decomposition temperatures using the above 
definition are 935 and 65(y» Fahrenheit (500°C and 344°C), respectively. One skilled in the 
art vna recognize that the choice of ester and specific deposition temperature employed will 
determine the optimum coating growth rate. Reaction temperatures below the defined 
thermal decomposition temperature, but within the decomposition range of the selected 
ester, will result in lower coating growtii rates. 

In accordance witfi the present invention, tiie alkyl group of an ester used in tiie coating 
precursor gas mixture may be a carbon compound having a range of 2-10 carbon atoms. 
The lower limit of tiie range is dictated by tiie p hydrogen requirement on tiie alkyl group. 
Tbe upper limit is to avoid flammabflity and volatiUty issues tiiat arise when the alkyl group 

contains more than ten carbon atoms. 

In practising tiie metiiod of tiie present invention, a manifold may be used to connect 
and regulate tiie individual gas streams to formulate tiie coating precursor gas mixture. A 
common deUvery Une may be used to deUver tiie precursor gas mixtuic from Uic manifold to 
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the gas beam distributor. An in line static nuxer may be used in the deUvery Une to ensure a 
homogeneous gas mixture. AdditionaUy. the baffles in the gas distributor beam, fllustrated 
in Rg. 3. or a gas flow rcstrictor as described with lefcrence to Figure 4, may provide 
further mixing of the precursor gas at the reactor stage. 

In many of the Examples, oxygen was included in the coating precursor gas mixtme. 
However, the deposition rate of the metal oxide coating was not sensitive to the oxygen 
concentrations, and no oxygen gas was used in Examples 6 or 7 showing the inclusion of 

oxygen to be unnecessary 

n.e concentration of the reactive components of tiie coating precursor gas mixture may 
be selected to obtain tfie optimum coating growth rate. The concentration of metal 
tetrachloride is generally 0.1 to 5.0 percent by volume in the precursor gas mixture. The 
concentration of metal tetrachloride is based upon die amount of metal needed to provide 
the desired coating tiiickness in tiie available residence time. Tims ^ metal tetrachloride 
concentration is adjusted according to process variables, such as 

in a float glass process. 

The concentration of the organic oxygen compound in tbc coating precursor gas 
mixture is generally one to five times ti« concentration of die metal tetrachloride, being 
selected within tiiis range based upon the deposition temperature. When using an ester, 
lower deposition temperatures will result in slower ester decomposition rates and tiierefoie. 
will require greater concentrations of the ester to react with die metal tetrachloride. In 
Examples 6 and 7. die optimum concentration of the etiiyl acetate in die precursor gas 
i^xturc is 1 to 3 times ti« concentration of tiie titanium tetrachloride. Concentrations 
above or below the optimum range wiU produce metal oxide coatings at lower coating 

growth rates. 
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m tcmperatoic of the precursor gas mixture is critical for control of the reaction, in 
particular to avoid undesirable pre-reacrion or adduct formation resulting in fomruition of an 
involatile product in the precursor lines. In one preferred embodiment, especially appUcable 
when using an ester, the temperature is maintained above SOOT/ISCC in the precursor gas 
lines. iHe precursor gas mixture is also preferably kept below the thermal decomposition 
temperature of the organic oxygen compound to prevent prereaction of the mixture. 

nie present inventive process utiUzes the heat from the substrate to initialize the 
coating reaction. In on-line situations, such as the float glass process, the substrate is 
formed at extremely high temperatures. Therefore, the method of the prescm invention 
may be appUed at a point in the float glass process where the substrate temperature is 
bweied but is still above the temperature at which the coating is formed (and preferably 
after the glass ribbon has substantially finished stretching Le. below 1380«»F/75(y»C). Off- 
line appUcations of the present invention will require heating the substrate to a temperature 
above the decomposition temperature of the ester. 

In practising the method of the present invention in the float glass process, the 
prefeiredpointof appUcation isin the float bath section. The temperature range at the 
pointofapplicationforthecoating is usually about 1100«>-1320«>FW-7150C THe 
temperature is an important operating parameter because it influences the concentration of 
the organic compound utiUzcd in the precursor gas mixture. The temperatures of the 
substrate in the float batii section are retetively stable and tiierefore exhibit UtUe variation at 
the point of application. In examples 6 and 7 using etiiyl acetate, ti»e prefeired substrate 
temperature range is 1100«»-1250«»F/590'C-680»C 
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The heat from the substrate raises the temperature of the precursor gas iraxturc above 
the temperature required for coating formation (and when an ester is used as the organic 
compound above thermal decomposition temperature of the ester). The metal deposition 
reaction may be initiated by the decomposition of the organic oxygen compound. When 
titanium tetrachloride is used in combination with an ester having an alkyl group with a P 
hydrogen, the titanium oxide coating tiien forms on tiie substrate at decomposition rates 
that are ten times higher tiian known coating metiiods. In tf»e on-line application with a 
float glass ribbon process, tiie ribbon passes under tiie gas distributor beam at a relatively 
fast rate. The metal oxide coating is deposited onto tiie float glass ribbon as tiie ribbon 

passes under the coater. 

The inventors propose tiie following tiieory regarding tiie chemical reaction tiiat may 
take place when using an ester having an alkyl group with a P hydrogen. However, tiie 
inventors do not wish to limit tiie invention to just tiiis possible explanation, and tiierefore 
offer it merely as an aid to understanding tiie results of tiie present inventive process. 

nie inventors propose tiiat as tiie ester decomposes, tiie carbon-hydrogen bond on one 
of tiie P hydrogens breaks and tiie hydrogen transfers to tiie carbonyl group eUminating an 
alkcne and forming a caboxyUc acid. The hydrolysis reaction simultaneously takes place 
between tiie carboxyUc acid and tiie metal tetrachloride leading to tiie formation of tiie 
metal oxide coating on the substrate. 

In general, tiie resulting article produced in accordance widi tiie present invention 
comprises a substrate having a titanium oxide or tin oxide coating. Hie coating may be 
appUed directiy to tiie substrate or as a layer in a plurality of coatings on a substrate. The 
rate of deposition of tiie metal oxide coating is effected by tiie decomposition rate of tiie 
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organic oxygen compound. At constant reaction temperatures different organic oxygen 
compounds will provide diffoent coating growth rates because of the difference in the 
decomposition temperatures. Therefore, the desired metal oxide coating growth rate for a 
^ven system is selected by matching a spedfic organic oxygen compound to Ae precursor 
gas mixture temperature and the substrate temperature at the point of application. 

The deposition rate of the titanium oxide coating in the present invention may be ten 
times greater than rates in known deposition methods. The present inventive pnxxss 
permits deposition rates over 130 A per second with some deposition rates measured well 
over 300A pCT second. The higher deposition rates for titanium oxide yield a coating wifli a 
refractive index greater than 2.4. 

A further advantage of the invention, in addition to the high coating rales achievable, is 
that it employes low cost metal precursor compounds and. espedally when the precursor 
gas mixture is directed over the substrate under the preferred laminar flow conditions, it 
enables high conversion efficiency (of the metal tetrachloride) to be achieved. 



In the present invention, the resulting oxide coating contains little residual carbon from 
the decomposition of the organic oxygen compound, especially when an ester is used. 
Carbon is an undesirable byproduct of tiie coating reaction because high levels of carbon in 
deposition coatings create absorption problems with the coating. The concern in using an 
organic oxygen conipound in the coating precursor gas nuxture is that (^composition will 
result in levels of carbon that adversely affect the absorption properties of the finished glass. 
The carbon content in the coatings produced from die method of the present invention 
showed less tiian four atomic percent of carbon where measured. This low level of carbon 
will not agniiicandy affect absorption properties of the coating. 



^ PCT/GB97fll2179 

WO 98/06675 

28 

It is to be understood that the f onns of the invention herewith shown and described 
to be taken as illustrative embodiments only of the same, and that various changes in die 
shape, size and arrangement of parts, as weU as various procedural changes, may be 
resorted to vwthout departing from the spirit of the invention. 
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1. A pioccss for depositing a tin oxide or titanium oxide coating on hot flat glass 
conq)rising the steps of: 

(a) preparing a precursor gas nmxture containing the conesponding metalled 
and an organic oxygen containing compound as a source of oxygen for formation 
of the metal oxide, 

(b) maintaining said precursor gas mixture at a temperature below the temperatuie at 
which the metal chloride reacts to form the metal oxide while delivering the 
mixture to a coating chamber opening on to the hot glass. 

(c) introducing the precursor gas mixture into the coating chamber whereby the 
mixture is heated to cause deposition of the corresponding metal oxide 
incorporating oxygen from the organic compound on the hot glass surface. 

2. A process for depositing a tin oxide or titanium oxide coating on hot fhit glass as 
claimed in claim 1, wherein said organic oxygen containing compound is an ester. 

3. A process for depositing a tin oxide or titanium oxide coating on hot flat glass as 
clairned in claim 2. wherein said ester is an ester having an allcyl group with a p 

hydrogen. 



4. A process for depositing a tin or titanium oxide coating on hot flat glass as claimed in 
any of the preceding claims, wherein said ester is selected from the group consisting o 
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ethyl formate, ethyl acetate, ethyl propionate, isopropyl fomu«, isopropyl acetate, n- 
butyl acetate, and t-butyl acetate. 

5. A process for deporifing a tin or tiodum oxide coating on ho. fla. gim «> chtacd in 
any of U« preceding el»n«. wherdn the snteBK is a fl^ 

B^pemune in *e mnge of abont U00°-132OT/59O^-715'>a 

6. Ap.ocessfordepositingatinorduuu«moxidecoatingasclai,n«linanycfU« 
p^g dain«. >»l»ein a» n»«i Btt»*loride in «« precnrsot 
concenuation of about 0.1-5.0% by volume. 

7. Ap.o«ssfordeposi,inBatinorti««inmoxidecoatingonho.fla.gl.«asclaimedi« 

any of U» p«cedi.g daims, wherein fte organic oxygen comaining compound in *e 
p^gasnuxn«isa.aconcenttationofabou.l«.3tin«s*econ«n«tionof 

the metal tetrachloride. 

Ap.ocessfbrdepos>tingati.orti»ni»no«deco.ongonhotfla.glassasclain«.in 
.„y„{olain«2«,7.whe.einsaid.s«iseU.,la«™eands»dho.fl«glas»isaflo.. 

glass ribbon. 

9. Ap™cesstordep«sidng.tinortiBmumoxidecoati»6onhotfla.8.a3sasdain«iin 
a,^ of preceding clain« vteeta U» ho. flat glass »bstn« has a srlica 
4^ and said tin or tianiun. oxide coating is deposittd over .he siHc. coating. 
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10. A process for depositing a tin or titanium oxide coating on hot flat glass as claimed in 
any of the claims preceding, wherein the hot flat glass substrate has a silica coating over 
a silicon coating, and said tin or titanium oxide coating is deposited over die silica 
coating. 

1 1 . A process for dq)Ositing a titanium oxide coating on a substrate on hot flat glass as 
daimed in any of die preceding clainos, wherein said titanium oxide coating has a 
re£ractive index greater than 2.4. 

12. A process for depositing a tin or titanium oxide coating on hot flat glass as claimed in 
any of die preceding claims, wherein die tin or titanium oxide coating has a readual 
carbon content less than 4 atonuc percent 

13. A process for depositing a tin ortitanium oxide coating on hot flat glass as d^med in 
any of the preceding claims, wherein said precursor gas mixture includes helium as a 
carrier gas. 

14. A process for depositing a tin or titanium oxide coating on hot flat glass as claimed in 
any of claims 2 to 13, wherein die ester has an allcyl group having 2-10 carbon atoms. 

15. A process for depositing a tin or titanium oxide coating on hot flat glass as claimed in 
any of die preceding claims, wherein the tin or titanium oxide film is deposited at a rate 
of at least 130A per second. 
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16. A process for depositing a tin or titanium oxide coating on a substrate at high 

deposition rates, being a process as claimed in any of the preceding claims, comprising 
the steps of: 

(a) preparing a precursor gas mixture containing tin or titanium tetrachloride and an 
ester, said ester having an alkyl group with a p hydrogen; 

(b) deUvering said precursor gas mbttuiB at a temperature below the thermal 
decomposition temperature of said ester to a location near a substrate to be coated, 
said substrate being at a temperature above the thermal decomposition temperature 
of said ester, and 

(c) introducing said precursor gas mixture into a vapour space above ssud substrate 
wherein said ester tiiermally decomposes and thereby initiates a reaction with said 
metal tetrachloride to produce a metal oxide coating on said substtate. 

17. A process as claimed in claim 17 wherein the substrate is a float glass libbbon. 

18. Aprocessasclaimedinclaiml6orclaiml7wheieintiieprccursorgasraixtureis 
deUvered to tiie substrate at a location where the substrate temperature is in the range 
1100-1320»F. 

19. A process for depositing a tin or titanium oxide coating on a substrate at high 
deposition rates, comprising die steps of: 
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(a) 



preparing a precursor gas mixtime containing tin or titanium tetrachloride and an 



ester, said ester having an alkyl group with a p hydrogen; 

(b) delivering said precursor gas mixture at a temperature below the thermal 
decompo^tioa temperature of said ester to a location near a substrate to be coated, 
said substrate being at a temperature above the thermal deconq>osition temperature 
of said ester; and 

(c) introducing said precursor gas mixture into a vapour space above said substrate 
wherein said ester thermally decomposes and thereby initiates a reaction with said 
metal tetrachloride to produce a metal oxide coating on said substrate. 

20. A process as claimed in claim 19 wherein the substrate is a float glass ribboa 

21. A process as chumed in claim 19 or claim 20 wherein the precursor gas mixture is 
delivered to the substrate at a location where the substrate temperature is in the range 
1100-1320T. 

22. A pnxxss for depositing a tin or titanium oxide coating on hot flat glass as claimed in 
any <tf the preceding claims whnein the precursor gas nuxture is caused to flow over 
the glass surface to be coated under laminar flow conditions. 



23. A glass substrate having a tin or titanium oxide coating thereon prepared by the process 
of any of the preceding claims. 
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24. A glass substrate with a silicon and a silica coating thereon having a tin or titanium 
oxide coating over said silica coating, said oxide coating prepared by the process of any 
of claims 1 to 22. 
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